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The group of fungi commonly known as the anthracnoses, includ-

ing the genera Gloeosporium and Colletotrichum, has received much

attention from botanists during the past few years. It has been

worked from the economic and scientific standpoints, the former being

a very important aspect. Many of our most important diseases of

orchard, farm, and garden crops are due to some member of these

genera, the annual loss to the country reaching into miiUons of dollars.

The bitter rot fungus alone in 1900 cost the apple growers of this

country $10,000,000 or more (46). The bean anthracnose, due to

Colletotrichum lindemitthianum, sometimes causes almost a total

loss of the bean crop, and other members of the group cause losses in

proportion. In some sections certain crops have ceased to be raised on

account of the ravages of these fungi.

From the scientific standpoint the group is interesting on account of

the pecuhar polymorphic Hfe-histor}^ of the different members. Until

fifteen or twenty years ago, the anthracnoses were known only m the

conidial stage. Previous workers were mostly systematists who did

little more than describe in a few lines the conidial fructifications;

found group Since

The history of previous work is familiar to most mycologists

through recent papers, and references to this will only be made m

connection with the discussion of the different forms.

mit the use of the word anthracnoseouiue wouiu iimiL lue u^c ui lih- wv^^v^ ^—
having an ascigeral stage, as in the genus GlomereUa; but I prefer

to use it, as commonly used, for all fungi hadng a Gloeosponum-hkfe

conidial stage.

' Contribution from the Department of Botany, CorneU University, No. 125.
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I have had three points in view in studying this group: (i) To

many

a careful study of it. All the perfect stages of Glomerella that have

been found are very similar, and some writers have gone so far as to

say that there is only one species. There also seems to be a difference

of opinion as to the structure of the perfect stage, Glomerella was

described as aparaphysate, but recently Sheldon (39) has reported

the presence of paraphyses. Several forms have been studied to

obtain some evidence on this point. (2) To determine if the forms

of Gloeosporium found on apple represent a single species or more

than one. The true bitter rot fungus occurring on apples in the south

spreads rapidly and causes a great deal of damage, while the form

occasionally met with in the north spreads slowly and causes but

little damage. The form from the south produces pcrithecia in

abundance on various culture media; the northern form was studied

Stoneman Clinton

expressed surprise that she was unable to find them. (3) Can species

of Gloeosporium be distinguished by culture methods ? Miss Stone-

man has attempted to find characters in this way that would help to

differentiate them. It is impossible to distinguish all the species by the

characters found on the hosts. The spores in many of them are ahke,

the acervuli vary but Httle, and the cross-inoculation experiments

that have been tried by various authors have proved but little.

The following paper is based on work carried on with anthracnoses

from about thirty different hosts and from fifty or more sources. The

forms have been studied in the usual manner. They have been ob-

tained in pure cultures and studied in various artificial media as well

as upon the host. The structure of the acervuli, and of the perithecia

where found, has also been studied in thin. carefuUv stained microtome

sections. Most of the material was fixed in Gilson's fixing solution.'

As is well known, the spores of Gloeosporium are imbedded in a gelat-

inous substance which is very soluble in water. If pieces of the

material are put in an aqueous fixative, as Flemming's or chrom-

acetic, the spores are almost entirely washed away. The gelatinous

2 Gilson's fixing solution: 95 per cent, alcohol 42CC, water 6oc<:, glacial acetic

acid 18CC, nitric acid (cone.) 2<:c, corrosive sublimate (sat. sol.) ii<:c. The material

is left in the fixer 6-24 hours and washed directly in 70 per cent, alcohol.
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substance is not soluble in Gilson's fixer and hence the spores are held

in place (see fig. 7). While this fixer has not proved very good for

nuclear phenomena, it has been very satisfactory for the results

desired in this work.

The culture media that have been most used are bean agar, made

from an infusion of fresh bean pods; potato agar with 10 per cent,

of glucose added; Elfving's nutrient solution (a synthetic medium);

and bean pods in tubes. Various other media have been used to

some extent, as beef extract gelatin, potato agar plus various organic

and mineral substances, sterilized cornmeal, cassava plugs, etc,

but these seem to have Httle value. Some writers have been advising

the use of cornmeal for obtaining perithecial stages, but I have had

no better results with that than with various other media. Bean agar

has proved as satisfactory as any used, several of the forms producing

perithecia on it, although not all of them.

Characters of the group

The anthracnoses are recognized by the characters of the conid-

veryial stage. The genera

the spores are borne in the same way in the same sort of pustule.

Colletotrichum is supposed to be separated from Gloeosporium by the

presence of setae in the conidial pustule, but as this distinction is a

poor one, in the following discussion the name Gloeosporium will be

used for all species, except perhaps occasionally where another name

IS the one in common use.

The spores are borne in pustules underneath the cuticle, Jhe

epidermis

spore-bearing stroma appears first as a weft of thickly woven myceUum,

The

bearmg

spores in abundance on short conidiophores. The spores are two to

several times as long as broad, straight or fusoid, and hyaline. There

seems to be some confusion in the Uterature as to the color of the

spores. For some time it went without question that they were hya-

Hne, but in 1894 Alwood (i) described the spores of the bitter rot

fungus as slightly greenish. Later Spaulding and von Schrenk (33)

detected the same color, and since then other writers have almost

invariably seen the same tint. Spaulding and von Schrenk say:



370 BOTANICAL GAZETTE [june

''When highly magnified they have a very delicate light green color.

This color is quite distinct, and it seems strange that of many observers

Alwood (1894) seems to be the only one to recognize this greenish

color." Looked at with the microscopes commonly used, corrected

for two colors alone, the spores do have a greenish tint- Spores were

examined with all the different types of microscopes in the Cornell

University laboratory, and with one exception, the Zeiss apochromatic

lenses, they showed a greenish tint; but with these lenses, which are

corrected for three colors, the spores are absolutely hyaUne; so we

must return to the original conception of the color.

The spores as a rule have one nucleus, though I have occasionally

seen two in very large spores. The nucleus appears as a rather large

clear area near the center of the spore and generally close to one wall.

It is generally clearly seenj though in old spores, or in those beginning

to germinate, or in poorly developed spores, it is sometimes not yisible.

This structure has been noticed by nearly every investigator, but so

far as I have found, it has not been recognized as a nucleus. It is

spoken of as a ''clear hyaline area," a ''round spot not granular as the

rest," a ''vacuole," etc. Studied in stained sections, however, its true

character appears. It takes the nuclear stains readily, though it is

difficult to distinguish the structure. In some of the related forms,

as Myxosporium corticoliim^^ large oil drops are sometimes present in

the spores, which may be confused with the nucleus, but the latter is

distinguished by its lighter color. Oil drops are highly refractive,

presenting a slightly greenish tint with the ordinary microscope, while

the nuclei do not show it. The nucleus in the conidium is consider-

ably larger than the one directly below in the conidiophore.

As yet the perfect stage of many of the anthracnoses is unknown,

but the ascospore form of several has been found recently. In some

it has been found several times; but in others it has been found one,

two, or at least only a few times. This may be due to the fact that the

ascospore forms are rarely developed, or that the investigators have

overlooked them, perhaps on account of their rarity or inconspicuous

nature.

WTiile the conidial stage of all the forms is very similar, yet even

m the few forms worked out they are connected with at least three

3 Myxosporium corticolum Edgerton. Ann. Mycol. 6: 4^-5 2. 1908.
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genera of ascomycetes. According to our present classification of

ascomycetes, no two of these genera are in the same family, while

some are in widely separated orders. The genera that are at present

known to be connected with the Gloeosporium-like conidial stage

are Gnomonia, Glomerella, and Pseudopeziza. In the following

pages, these different types will be taken up separately.

Gnomonia type

Klebahn (25) seems to have been the first to connect a Gloeo-

sporium with Gnomonia. As a result of his work on the sycamore

anthracnose, extending over several years, he gave a most interesting

discussion of the peculiar polymorphism of the fungus commonly

known as Gloeosporium nervisequtim. He studied the fungus both in

the field and in the laboratory on artificial media, finding the perfect

stage in the late winter and early spring on old diseased leaves that

had lain under the trees over winter. Later he was able to obtain

it in abundance by cutting out the anthracnosed spots on the leaves

and putting them out in wire netting to winter. According to him,

the perfect stage begins to develop in the fall and is mature about

Christmas or a little later. By careful examination of his material

and by comparison with other herbarium material, he w^as able to

identify it with Laestadia veneta Sacc. & Speg., which he showed

to be a species of Gnomonia, and named it Gnomonia veneta (Sacc.

& Speg.) Klebahn.

Klebahn was also able to show that the conidial stage is poly-

morphic. While all cases very similar,

the manner in which thev are borne is different. The types that he

found

I. The conidia may be borne in acervuh under the cuticle on

short basidia.

as Gloeosp

2. The
long basidia. Thi

know

Sacc-

mis

Gloeosporium platani

(Mont.) Oud. Before Klebahn, both Leclerc du Sablox (29) and

J. Beauverie (5) had shown that this was but a form of G. nercise-

qiium.

3- The conidia may be borne on twigs in pustules, being known
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as Myxosporiiim valsoideum (Sacc.) All. and Discula platani (Peck)

Sacc, Von Tavel (44) previously had connected D. platani with

G. nervisequunij and Beauverie (5) had shown that both of these

names are but synonyms of G. nerviseqmim.

4. The pycnospores may be borne in cleistocarpous pycnidia on

old leaves on the ground. This stage had been found before and, as

was shown by Klebahn, had been named Spar one maplatani Baumler

and Fusicoccum veronense C. Massalongo.

I took up the study of this fungus in order to confirm Klebahn' s

work and to find whether the perithecia normally develop in this

country. In nearly all cases I w^as able to confirm Klebahn' s

results completely. In a few cases, however, there seemed to be some

discrepancies. These will be brought out in the following discussion

of the life-history.

The disease due to this fungus, as it is commonly seen^ appears

on the veins of the sycamore leaf, killing a strip on each side of the

vein; later it often spreads to other parts of the leaf. The diseased

portions die and become brown, generally accompanied by a distortion

of the leaf. On the under side of the diseased spots, and occasionally

on the upper side the acervuli develop in abundance, being about

100-300 /x in diameter. The conidia develop in abundance on short

conidiophores. In moist weather, or when the leaves are placed in a

moist chamber, the spores ooze out in creamy white masses or in white

strings. They are usually about 10-14X4-6^^1., hyahne, slightly

granular, generally somewhat pointed at one end and more or less

rounded at the other.

An examination of the leaves in late summer and autumn shows

that the petioles have been attacked also. Klebahn does not men-

tion this effect of the disease. Diseased patches may be formed by

the fungus growing down the petiole from the leaf blade, or they may
be entirely distinct from the leaf blade. Quite often, especially in the

autumn, these diseased spots are present at the very base of the petiole,

where it is attached to the twig. Whether the fungus passes from the

petiole into the twig was not determined, though many leaves were

examined; but this seems at least possible. Conidial pustules form
in these diseased petioles Just as on the leaves. The presence of the

disease on the petioles often causes a oremature fall of the leaves.
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When the leaves fall to the ground, the fungus takes on a sapro-

phytic mode of life, continuing to develop on the dead leaves, spread-

ing much more rapidly on them than it did on the living leaves. It

often covers considerable areas, sometimes entirely covering the leaf,

and on these areas acervuli and conidia are produced in abundance.

Klebahn in developing the perfect stage cut out merely the affected

areas, in order to save time in looking over the leaves in the spring.

He does not speak of the saprophytic growth of the fungus on the

dead leaf, and perhaps, did not observe it; otherwise he would not

have taken the trouble to cut out the spots. The conidia develop

in these pustules throughout the winter; they were examined often

and each time spores were found that were viable, and they were par-

ticularly abundant after a fairly warm period of a day or two. The

pustules on the dead leaves do not seem to differ from those developed

normally on the leaves in the summer.

During February or March, a different sort of conidial fruit body

begins to form in favored positions. In places where the leaves were

kept moist, where they were piled up and sheltered from drying, or

where they were placed close together between pieces of wire netting,

a sort of pycnidium was formed. This is what Klebahn (/. c, p. 548)

described as the Sporonema or Fusicoccum stage on dead leaves. The

conidia are the same in shape and size as those in the acervuli, but the

stroma bearing them has been favored by the moisture and has con-

tinued to grow until it has completely surrounded the developing

spores. These pycnidia-like bodies {fig. 3) are grayish to black,

not imbedded in the host tissue, and generally covered by a rather

hairy growth of hyphae; they vary in size, some being over i™"* in

diameter. While this structure is a closed one and perhaps would

be classed as a pycnidium, it hardly seems to be a true one. It is

always more or less irregular and nearly always there are trabeculae

consisting of strips or masses of the stroma imbedded with the spores

{fig. 3). This shows that the spores and the pycnidial wall must

have been developing at the same time; while in a true pycnidium,

the wall is formed before the spores begin to develop.

An examination of the diseased petioles at this time shows the same

formation. The pycnidia are developed in the cankered spots so that

they appear to be imbedded in the host tissue. In the petioles the
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larger ones were obtained, the pycnidium shown in fig. j being from

a cankered petiole. Nearly all the diseased petioles contained the

covered pustules in abundance.

In favored situations the perithecia develop also on the dead
leaves. Klebahn was able to see the little perithecia on the leaves

in the fall and found them mature about Christmas. These dates

differ considerably from those I observed at Ithaca. Leaves on the

ground were examined once or twice a week from autumn until the

perithecia were mature; and the first appearance of young perithecia

January 6. They form on the inside of the leaf and are

until they rupture the epidermis. Generally a very small

three-cornered or irregular piece of the epidermis, perhaps i"''" in

diameter, is slightly raised; and this is the first visible evidence of

the perithecium. Perhaps the perithecia may have been developing

since early autumn, but they could not be seen. At this time they are

nearly globose, about 150-200 yu in diameter, and generally reach

nearly from epidermis to epidermis. Usually the leaf bulges out on
the lower side of the perithecium, so that it is really thicker than the

ordinary leaf. At this time the beak of the perithecium is just be-

ginning to form, and the wall consists of four or five layers of small,

black, somewhat elongated, thick-walled cells. The asci have not

formed yet, but the ascogenous tissue takes a different stain from the

surrounding contents of the perithecium. The perithecium seems to

lie free in the leaf, and does not appear to be connected with, it by
hyphae.

From this time the development is very slow. Although in January
the perithecia looked as if they were about ready to develop asci and
spores, mature spores were found first on April 21, and they were
on leaves that were covered and had been kept moist. This difference

mthe time of maturing the asci as observed by Klebahn and myself
must be due to the different weather conditions.

While many peritliecia were found occurring normally on the

fallen undisturbed leaves, the best success was obtained by placing a
large number of the anthracnosed leaves in wire netting and putting
them in a moist shady place. A large number of leaves packed close

together prevented drying out, which seems to be the greatest hindrance
to perithecial development. Also keeping the leaves close together
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and undisturbed prevents the perithecia from falling out of the leaves.

Quite often they grow so large that they push themselves out of the

leaf.

The mature perithecium fits exactly Klebahn's description of it.

It is subglobose or slightly flattened on the upper and lower sides, and

is about 150-200 /ti in diameter. At the upper side it is elongated into

a beak, though this is short compared with other forms of Gnomonia.

In most cases it is not more than one-fourth to one-third as long as the

perithecium {jig. 4).

The asci {jigs. 18, 19) are long clavate, 48-60 X 12-15 z^; generally

bent at right angles near the base. Near the apex of the ascus the

wall is much thickened and the pore is surrounded by a very refractive

ring, appearing under the microscope as two white glistening spots,

one on each side of the pore. The ascus is eight-spored, the spores

{fig- 20) being hyaUne, 14-19X4-5/^. straight or slightly arcuate,

imevenly two-celled, the upper cell as it is borne in the ascus bemg

several times as long as the lower one.

Still another stage of the fungus is found on the smaU twigs, ^^'hen

the leaves fall, all the twigs seem to be perfectly healthy, even to the

formation of buds. But toward the last of December and until

spring, they begin to show the presence of the disease. The diseased

portion, which sometimes extends back several inches from the tip,

is covered with the Myxosporium stage. The fungus may live in these

diseased twigs for more than a year, producing spores when weather

conditions are favorable. ^lost of the twigs remain alive untU

spring and start to put out leaves; but when the leaves arc about

one-third grown, they quite suddenly wither and die, presentmg the

appearance of blight. On badly affected trees a greater part of the

leaves die, some large trees being observed ^vhich had only a few green

tufts remaining.4 The Myxosporium pustules {jig. 2) are scattered

4 Since this paper was ^^-rittln, papers by VoN Schrenk (R<-T-^ ^I^- ^ot. Card

1907:81-83) and CLINTON (Rep. Conn. Exp. Sta. 1907:360. 1908)
^I'^^^l''

notice, in which it is claimed that the injury to the sycamore in 1907 was due to trost

and not to anthracnose. From an almost daily obser^-ation of the trees ^^ Ithaa ^

am convinced that frost had practically nothing to do with the

^^^^^y-J^'J^'^
came on May xx and ax, while the injury developed dunng the firs three we^^;^

June. Furthermore, the blighted twigs were covered with the P^rf-^^-J^^^
^^;^

sporium pustules, while twigs that were free from the pustules had no blighted Ka.es.
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thickly over the terminal portions of the twigs, forming under the cork

layer of the wood and raising it until it is ruptured {fig. 5). The

I

Tf^^™^^^**aH*ffBB*5aaaii

Figs, i, 2—Gnomonia veneta. i, Young trees badly affected with the Myxo-
sponum stage; 2, the same, natural size, shows Myxosporium pustules.

500-900

Gloeosp
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This stage is extremely fatal to young sycamore trees. A careful

search was made for young trees that could be transplanted for inocu-

lation purposes, but they were found to be very scarce. When some

were found, however, the reason for their scarcity was evident; they

were being killed by the anthracnose. The young trees had the same

appearance as the terminal twigs on the larger trees; the leaves were

nearly all killed when they were about one-quarter grown, and the

young shoots were covered with Myxosporium pustules (fig. i) . The

tree on the left in the figure was in the condition of most of the seed-

lings. Only after careful search was a young tree found that was

nearly healthy and could be photographed for comparison; and an

examination of the photograph shows that a few leaves are dead on

this one. If the time ever comes when this tree is planted for com-

mercial purposes, this disease may develop into a very serious pest in

the nursery.

How the fungus enters the twigs was not satisfactorily determined.

There are two possibilities; it may pass down the diseased petioles

into the twigs, or the twigs may become infected directly from spores.

The twigs are infected very close to the apical bud. The presence of

the disease on the petioles and the lack of any wounds of any kind on

the twigs make it seem possible at least that the former indicates

the real method of infection.

Also the question of the fresh infection of the leaves in the spring

is not entirely settled. Inoculation experiments tried on leaves in the

laboratory were without success. Perhaps the period of incubation

is too long to attempt inoculations on branches cut from the tree and

kept fresh by standing in water. However, it was useless to attempt

inoculations out of doors where nearly every tree was aheady infected.

Several investigators have attempted to infect the leaves artificially,

but mostly without success. Klebahn after making a large number

of inoculations obtained a few successful ones; but one of his checks

also took the disease.

The J^Iyxosporium stage undoubtedly plays the larger part m
causing the spring infection of the disease. WTiHe the spores, both

conidial and ascigeral, are borne in abundance when the leaves are on

the ground, they are held together by a mucilaginous substance aiid

are not carried by the wind. The Myxosporium spores on the t^'igs
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may be easily washed by rains to the neighboring leaves and cause

infection.

Pure cultures on artificial media were made from all of these

difTerent stages and the resulting colonies compared. In all cases the

same mycelium and the same colony were produced. The mycelial

threads are i-io/^ in diameter, the small ones being nearly con-

tinuous^ while the larger ones are closely septate. The colony

characters agree perfectly with those given by Klebahn. Both

conidia and ascospores germinate readily, the latter, however, only

from the large cell. The small cell was never seen to send out a germ

tube.
r

This fungus {Gnomonia veneta) also occurs on three other hosts at

least; Quercus alba, Q. veluluia, and Q. coccinea. In 1890 Halsted

(17) described the disease occurring upon white oak as due to Gloco-

sporium ncrvisequum, but there has always seemed to be some question

of it. The anthracnose of white oak generally is said to be due to G.

canademe E. & E. Dead white spots from a few millimeters to a

centimeter in diameter are formed, generally scattered over the leaf,

though sometimes the tip of the leaf is killed, and sometimes the spots

follow down the veins.

do not differ fmm tVinc.

ules and conidia {fig. 7)

The two were studied in

pure cultures, and the germination and the colony characters seemed

to be the same. To make sure, however, that the fungus was the

same as the one on sycamore, diseased leaves were put between wire

netting and placed out of doors to winter in order to obtain the as-

cigeral stage. As on the sycamore, the fungus spread over the dead

leaf and in late winter produced perithccia in abundance. The char-

acters of perithecia, asci, and spores are the same as in those produced

on the sycamore, w^ith the exception of the length of the necks of the

perithecia. OutHne drawings of the asci and spores are shown in

figs. 21 and 22, so that thev mav be comnared with those from the

svcamore

much
those on the sycamore, some being as long as the body or even longer.

some
were almost wanting. This single difference does not seem to me
to be sufficient to separate the forms as distinct species. The length
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Figs. 2>-?>.-Gnomonia venela. 3, Sporonema pustule on petiole of f^Uen sycamo^

kaf;
4, perithecium in sycamore leaf; 5. Myxosporium stage on sycamore t^

6, perithecium in Quercus alba leaf; 7, acervulus from Quercus alha leaf; 8,
Quercus

alba leaf, showing the perithecia, X2.5.
. ,^ ,, , , •.;,„„, aln^n^bo-

Figs. 9, 10 .^Apple, inoculated ^4h the Gloeosporium iColIelotr:chum^^

rmid^^\^ . f.,._ .^.^L .v^^-^^ \.^W^ r.ti<;tules: 10. from raspberry ca
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of the neck in this genus seems to be quite variable. While Klebahn

found that the necks of Gnomonia veneta from sycamore leaves were

very short, on sterilized leaves in the laboratory, on which he also
w

produced the perithecia, the necks were very long. I have also found

in my study of Gnomonia rubi Rehm., a form found on blackberries,

that the same variation occurs. The necks in pure culture were twice

as long as those growing normally out of doors. Since this is the only

difference observed between the forms on sycamore and white oak,

it seems best at present to consider them the same.

The perithecia on the oak leaves also very often push themselves

entirely out of the leaf {fig. 6). There is often no leaf tissue below the

perithecium, but its beak passes entirely through the leaf and

projects on the opposite side. The large perithecia are easily seen

on the leaf with a hand lens, when they appear, as black globose

bodies apparently lying on the surface {jig. 8).

The spores are unevenly 2-septate, as in the form on sycamore.

In germination, the spore swells considerably and then sends out

tubes from any place on the wall of the larger cell {fig. 26)

.

The Sporonema stage was not observed on the white oak, though

leaves were examined repeatedly for it; but it developed on oak leaves

that had been put in tubes, sterilized, and inoculated with a pure

culture from the conidial stage on the leaves. The tubes were kept

in a cool place during winter to see if the perithecia would develop.

On examination in the spring, no perithecia w^ere found, but there

were many pycnidia-Hke pustules, perfectly homologous with those

that developed on the sycamore leaves normally.

The Myxosporium stage was found on the ends of twigs on a few

trees about July i, the twigs being killed back in the same manner

as the sycamore twigs.' However, on the white oak the young leaves

did not start to develop and then die, as on the sycamore; but the

twigs w^ere killed before the leaves started. Anthracnoscd spots on

the leaves were numerous in close proximity to the diseased twigs,

while they were fewer where no diseased twigs were found. It seems

very evident from this that the Myxosporium stage is ver>' instru-

mental in the early infection of the leaves. The spores in the pustules

were not different from those on the leaves, and furthermore, they

produced the same colony in agar.
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On leaves of Qiiercus velutina also there was found a fungus which

does not seem to differ materially from the true Glocosporhim ner-

visequum. The disease, which was very common around Ithaca in

the summer of 1906, appeared on the leaves in late summer, dead

spots being formed 1-2^™ in diameter. The spots were not white,

as on the leaves of Q. alba, but brown. Sometimes the disease

killed a large portion of the leaf, but generally it appeared merely in

spots.

The acervuli were scattered on the under-surface of the dead

spots. The spores are somewhat larger than those on the syca-

more, being about 1 5-20 X 6-9 /*. This difference seemed at first

to separate it from the form on sycamore; but when the two were

grown side by side on plates, the difference was not observable. The

spores produced in pure cultures at first seemed to be slightly larger

than those from the sycamore, but very soon they became the same

size (about 9-14X4-6 /u). Only one difference was noticed between

the two forms on artificial media. Both forms on bean pods covered

the substratum with a grayish to blackish growth and then grew over

the Hquid in the bottom of the tubes. On this growth, from the

liquid especially, in the culture from Q. velutina there oozed out

large drops of golden yellow liquid, which were so abundant that they

almost covered the surface. As the culture became older, these drops

dried to yellow, waxy crusts. On the form from sycamore no such

golden drops were produced. In other ways the two forms were

indistinguishable on artificial media.

In the spring on a few twigs there was also found the Myxo-

sporium stage. The young twigs were kiUed before the leaves started

and were killed back 15-20^- from the end. They were covered

with pustules similar to those from Platanus and Q. alba. A

from

others.

to see if the perfect stage would develop. In the spring near the

anthracnosed spots were found smaU scattered perithecia, which ^ ere

identical with those found on the white oak leaves. The asci ana

figs

Tvith the same from
ascospores
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again gave the same mycelium and conidia as had been obtained

from the imperfect stage.

While there are some slight differences between this form and the.

one from sycamore in the size of the conidia and effect on culture

media, these do not seem to be sufficient to make a new species,

especially since the large conidia do not appear on artificial media.

Perhaps the slight difference found on culture media was due to the

previous growth for some time on different hosts. The one from

white oak, after being grown for several months on artificial media,

lost some of the characters it originally had. The zonate growth of

the colony became less marked, and the aerial tufts containing pustules

were more feebly developed. The difference between the forms on

Quercus velutina and Plalanus occidenlalis was, perhaps, no more
marked than the difference between cultures of the same fungus after

growing for different periods on artificial media.

Search on other oaks has also resulted in finding the Myxosporium
stage on twigs of Quercus coccinea. The disease was not different

in appearance from that on the other hosts, and a culture of the spores

also gave a colony similar to the colonies from other hosts. Anthrac
nosed leaves of Q. coccinea have not been found, but they undoubtedly
can be found at the right season.

While no satisfactory inoculation experiments were carried on,

it seems almost certain that these three forms are the same. They
are at least no more than biological species. Attempts were made
to inoculate young oaks in the greenhouse, but they were unsuccessful,
even when the conidia were placed on the same species of oak from
which they were developed.

WTiether Gnomonia veneta occurs on any other host is a question;
there appears no reason why it should not be found on other oaks.
Halsted (16) has described the disease as occurring on red maple
{Acer ruhrum). While this is very possible, proof of it will only
appear when the perfect stage is developed and the forms are com-
pared on culture media. No Gloeosnoriiirr. Tin^ K^ph fn,inr1 nn manle
near

chance to find the perfect stage. How
^_^

stran

on the other hosts.
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camore

specific name first given to the perfect stage (veneta). Adopting the

first name applied to the perfect stage seems to be the general rule

among European mycologists. In America, however, there are

many who believe that the first name given to any stage should be

the one used. If the latter rule is adopted, then the name veneta

cannot hold. The first name given to any stage was Fusarkim

platani Mont., and hence the fungus would have to be called Gno-

monia platani (Mont.). This will only be settled, however, when

botanists come to some conclusion as to the nomenclature of poly-

morphic fungi. Also if w^e wish to be consistent in our use of names

of the imperfect stage, we should use Gloeosporium platani instead of

G. nerviscquum. However, it is of little importance what the imperfect

stage is called, it is at best only a synonym.

The synonymy of this fungus as given by Klebahn includes six-

teen names. To this maybe added the following : Gloeosporium cana-

dense E. &E. Jour. Myc. 5: 153; Myxosporium platanicolum E. & E.

Proc. Acad. Philad. 1894:572 (distributed in N. Am. Fungi as

described.

Q

Anyone wishing more of the details of the life-history of this fungus

Klebahn
fullest detail.

Pseudopeziza type

The genus Pseudopeziza was first connected with a Gloeosporium

by Klebahn (26) in 1 905 , who found the perfect stage of G. rihis, a

form commonon currant leaves, to be P. rihis Klebahn. He developed

the perfect stage by putting the leaves out of doors in a protected

place to winter; and in the spring he found it in abundance.

My investigation of this form has been very limited. Only a

materi

form in pure culture. An attempt was made

to produce the perfect stage, but it was without success.

typ

Although a great deal of work has been done on this group of

satisfactory
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those obtained from the other types. The great majority of the

anthracnoses that have been described belong in this group.' Nearly
all those of fruits— and a glance at the Hterature will show that there

are scores— and a large percentage of the forms on herbaceous stems
seem to belong to this type. The problems concerned and the diffi-

culties that confront the investigator become more evident the longer
the group is studied. Little more can be done in this paper than to

add to our knowledge of the biology and physiology of the forms
studied. This type is sharply separated from the others, not only in

the characters of the perfect stage, but also in those of the mycelial
and conidial stages. Nearly always one can recognize this type at

a glance.

Some of the evident characters are as follows: (i) The spores
ooze out of the acervuli in pink masses or strings ; so far as has been
observed, the spore masses in the Gnomonia and Pseudopeziza types
are white, cream-colored, or yellow. This may not be a sure criterion,

but it seems to hold in nearly every case. (2) In artificial cultures,
especially where nutrition is lacking, and sometimes on the original
host, the dark-colored secondary spores or appressoria are developed;
in no instance have these been observed in the other types, although
they have been carefully searched for. (3) The mycelium in pure
culture varies but little in diameter; this separates these forms at
least from those of the Gnomonia type. Other minor points that
help to place the forms in this group are the rapidity of growth, the
presence of small black wefts or crusts of myceHum in the culture
medium, and the presence of a dark-greenish pigment in old myceHum,
especially on sugar media. The last two characters are not always
present, but their frequency makes it advisable to mention them here.

IMost of the work that has been done on species of Gloeosporium,
especially by American botanists, has been done on this group. The
papers of Miss Southworth, Miss Stoneman, Clinton, Spaulding
and VON ScHRENK, Sheldon, Atkinson, and Shear have dealt
principally with these forms.

development

historv
t K AA \

'jcveiupmeni 01 tnese lorms, nttie neea;
to be added here. Each goes through the same stages in develop
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ment, and these have been described during the past few years for a

number of forms^ by a number of investigators. Only a few things

which do not seem to have been made clear need to be mentioned.

The conidia germinate very readily in water or in nutrient solu-

tion, generally w^ithin three or four hours. The germ tube may be

sent out from any place on the spore, but in most cases the first tube

originates near one end. It rarely comes exactly from the end, but

very close to it, so that it appears to extend at an angle to the main

axis of the spore {iigs. 30 ^ j6y j/). If it came exactly from the end,
I

the germ tube and the spore would lie in a straight line. In some cases

the tube does appear to come from the end, but this seems to be un-

common as compared with the other method. After the first germ

may develop apparently from any place on the

spore.

Germination differs somewhat in different media. Rarely in

nutrient solutions does the spore become septate in germination. In

more

much the

spore becomes septate. . This variation in germination in different

seems to be characteristic of all members of this type. It is
+

interesting at this point to note a recent paper by Delacroix (12) on

Gloeospormm nmsarum. In studying the germination of its spores,

he found that* they nearly always became septate. Miss Stoneman

(43} some years previously, in w^orking on the same form, had figured

the spores as continuous. Delacroix was undecided whether to

call the form he was w^orking with a new species or not, as this was

the only point of difference. If he had germinated his spores on

different media, he imdoubtedly would have found both types of

germination.

If germination takes place in a medium lacking nutrient material,

as water, the germ tubes grow only a short distance and then form

at their tips rather large brown cells more or less variable in shape

^S^- 3^, 33)- These have been spoken of variously by different

investigators as secondary spores, appressoria (Hasselbring 24),

etc. They germinate readily under the right conditions, although

some seem to have had difl&culty in obtaining germination. If nutri-

o
mi

may be formed at the end of this germ tube (fig
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Quite often, however, when a conidlum germinates in w^ater, there

may be formed at the end of the spore or at the end of a short germ
tube a small hyahne conidium perfectly normal except as to size.

This was observed by Atkinson (3) from the form on cotton, and
by Halsted (22) from a form on Podophyllum pdtatum, but it does
not seem to be peculiar to these forms, for it is rather common in all

members of this type.

Under proper conditions some forms, either on artiftcial media or

on the original host, develop the perfect stage abundantly. During
the past few years this stage has been found from a number of differ-

ent hosts: from privet, orchid, pepper, red raspberry, and vanilla (?)
by Miss Stonem-^n (43); from Dracaena (38, 39) and guava (37)
by Sheldon; from apple by Clinton (10); from grape, cranberry,
Ginkgo, cotton, rubber plant, honey locust, and bean by Shear and
Wood (40J; from Artocarpus by Delacroix (13); from Cattleya
by :Maublanc and Lasnier (27), described as a Physalospora.
Several other forms described as Physalospora, Laestadia, and Phoma-
tospora undoubtedly should be placed here. During the past two
years I have worked with the ascigeral stage from the following hosts

:

apples from ^Missouri and IlHnois; Dracaena from West Virginia;

rubber plant from West Virginia; cotton from Georgia; Coelogyne
cnstata, Sarracenia purpurea, Cojjea arabka, and AtUllurium waroc-
queanum from the Cornell University conservatory; quince from an
orchard in Ithaca, N. Y.; and Asckpias syriaca from Ithaca. The
last named has been known in the conidial stage as Gloeosporium

,

fusarioides E. & K. This is the first time that the perfect stage has
been reported from the last five hosts. The peiithecia, asci, and
spores are very much dike from the diffeient hosts. The foUowing
description, based on the perfect stage as it appears on the apple,

would fit in nearly aU cases the other forms as weU.
On apples from the south-central states affected with the bitter

rot, the perfect stage seems to develop readily. Apples were received
from Illinois and Missouri, and in both cases perithecia were found
on the surface accompanymg the acervuH. There seems to be con-
«4.^ -J 11 Am

fe
manner

peritheci
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The pcrithecia from the Illinois collection were single or collected in

twos or threes partially or nearly imbedded in the tissue of the host,

and the necks wTre surrounded by a thin layer of pseudo-paren-

chymatous fungus tissue. They were generally about 70-125X175-

225 /x, the necks being sometimes 50-60 />t in length. The perithecial

"wall was composed of three or four layers of narrow, long, black,

thick-walled cells. Sometimes two pcrithecia fused, so that there was

one internal cavity with tw^o ostioles. At the base of the pcrithecia

there were generally large, dark-colored hyphae made up of nearly

globose cells 6-% fx in diameter (these show plainly in the photomicro-

graph) . Fig. 75 was made from apples received from Missc uri. The
pcrithecia here were not imbedded in the host tissue, but were at

the base of the conidial stroma; and the perithecial wall gradually

blends into the pseudo-parenchymatous fungus tissue- Necks were

almost entirely lacking on these perithecia; in other points they

were identical with those described above.

The pcrithecia develop readily on bean agar, the best success

having been obtained with that medium. They appear in raised

masses or nodules scattered over the siu-face of the plates. These

masses are black, and by the time the asci arc mature they may be

2 to 3^"^ in diameter. The pcrithecia {fig. 13) form around a small

stroma of pseudo-parenchymatous tissue, and are quite variable in

shape and size, being 80-140 /^ thickX 1 20-225 /^ ^^^o* Thp apex may
ery

seems

them opened directly into the underlying agar. In a plate

kept in the incubator at a temperature of 26-30° C, the nodules of

perithecia were generally visible in four to six days, and the asci

were generally mature in sixteen to twenty-one days.

The asci are 50-80X8-10 /*, clavate, almost entirely fiUed by the

eight spores; the wall is hyaline and sometimes difficult to see except

with fresh material. The spores are hyaline, slightly curv-ed, rounded

at the ends, granular, and possess a large clear nucleus near the center

and on the concave side of the spore. The spores are irregularly

cry The

asci go to pieces and the spores ooze out of the neck of the perithecia.

What
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Figs. ii-x'j.—Glomerella

culture;

II, acervuli on tomato; 12, acennilus on apple
from \t;oc

—--'cn-u,^^e. II, acervuii on tomato; 12, acennilus on appi^^
irom Missouri; 13, nodule of perithecia of Clamerella jructigena, perithecia In plate

Fr,^,v.
'^' variation from G. /ructigena, perithecia scattered, X2.5; 15, Clamerella

on annlp frnn. Tir - V.
-^^^issoun; 10, Ulomerella ruchgena, peruneeiuixx

theTo'ng pSS^^^^^^^^^^
^^'""^^^^^'^ "-'«' P-^1^-- onC.;y/a a..6.Va leaf. sho.-ing
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Sections of perithecia a little past maturity showed the spores held

together in a mass just outside and at the apex of the neck. The

whole inside of the perithecium seemed to be empty, with the excep-

tion of a few scattered threads. It seems probable from the sections,

although this was not determined absolutely, that the ascospores are

held together by a mucilaginous substance as well as the conidia.

The question of paraphyses is a much discussed one at present.

The genus Glomerclla w^as described by Spaulding and von Schrenk

as without paraphyses, but quite recently Sheldon (39) has reported

their presence in a number of forms, especially in the young perithecia.

Shear (40) has taken exception to Sheldon's observations, finding

sterile threads in the perithecia but believing they were entirely out-

side of the asci, so they would be periphyses and not paraphyses;

later (41J, however, he calls them evanescent paraphyses. The

point is an extremely difficult one to decide. Forms from several

hosts have been studied to determine this point. In crushing a fresh

perithecium, sterile threads can be easily seen; jig. 42^ drawn from

the form on Dracaena, shows them plainly. These threads are very

irregular, many of them much longer than the asci, sometimes branched

and sometimes septate. They are very highly granular, in fact the

granules are the most prominent part, the wall itself being almost

invisible. The difficult question is to determine whether they are

between the asci or outside of them. Scores of stained sections have

been prepared and carefully examined; some slides have looked a

little suspicious, yet never have the threads been seen between the

asci with certainty. While the threads take the stain poorly, they can

be seen, and appear to form a layer around the asci near the base of

the perithecium, but in- the upper part of the perithecium above

the asci they branch out over them. As the asci and spores break

loose from the bottom of the perithecium, they can be seen mixed in

with threads. They could hardly be considered evanescent para-

physes, because they remain in the perithecia as long or longer than

the asci. It seems best, therefore, to regard the genus as apara-

physate.

The perithecial stages from all of the forms, so far as known, seem

to be quite similar. The most variable characters are the size of the

spores and the length of the neck of the perithecium. The spores
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vary in length from 12 to 32 /a; Shear and W^ood (40) place the

While

purp
seen 30 to 1,2 fi long; but here aU the asci were not eight-spored, some

0^ Here,
as in other forms where this condition exists, the spores in the few-
sporcd asci are larger than in the eight-spored ones. The length of
the neck of the perithccium is also quite variable, and as a rule it is

generally longer than those previously described on apples. Miss
Stoneman (43) shows some of them to be very long, and Shear was
rarely able to find any so long. An examination of her slides, how-
ever, which are still in the Cornell University laboratory, leaves no
doubt that the perithccia were as she illustrated them. Furthermore,
perithecia with necks Just as long

(fig. 17; have been seen manv times.
In the forms from rubber plant, Dracaena, Coffea, and Sarracenia,
which produced their perithecia on leaves, the long necks were the
rule rather than the exception. However, these same forms in pure
culture, with the exception of the form from Sarracenia which did
not produce perithecia in pure culture, formed perithecia with short
necks. The length of the neck seems to be dependent to some extent
upon the substratum. However, the depth to which the perithecia
are imbedded in the substratum does not seem to be the controUing
factor. The perithecia may be nearly or entirely superficial, or may
be nearly or entirely imbedded in the substratum; many of those
which

Just
a (fig

tcct stage is unknown. I obtained this stage from the different
as follows: (i) By placing portions -of the diseased host in a
^^ w^ f^ ^^^-^^ L. _ 1 1 . _

forms

moist
If the pen-

thecia did not develop in this time, it was useless to continue the
experiment. The following forms produced perithecia in this manner

:

apple, orchid, Sarracenia purpurea, Coffea arahica, Anthurium waroc-
qneanum, and Aschpias syriaca. (2) From inoculations on plates

^iKW J^\
^'^''°' '^ ^""^^^ ^'^^^'^''^ ^^^^^ ^^^ ^ost (apple, Dracaena,

.. --^ and Coffea arahica).
(3} On bean plugs (cotton).

rubber

(4) On plates of bean agar from a culture that had been kept alive in
the laboratory for over a year (quince).
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The composition or density of the substratum or the humidity

seems to have but little influence in the production of this stage. How-

ever, the interesting fact was noted that, with but few exceptions,

all the forms known to have perfect stages are southern or greenhouse

forms. Almost everything affected with anthracnose when brought

from the greenhouse and placed in a moist chamber produced peri-

thecia. Apples from ]\Iissouri and southern Illinois produced this

stage; but apples, tomatoes, fruit of Podophyllum peUatmn, and

various other fruits and stems found out of doors in New York and

brought into the laboratory, produced conidia in abundance but no
^ —- ^w ^ m -^ ^

perithecia. The form from quince from Ithaca,

perithecia, but only after it had been grown in the laboratory for

more than a year. Perithecia were also developed on Asdepias

syriaca from Ithaca, but this form was found late in the fall, after a

It may be that a long-continued

production of the conidial stage or a long-continued growth at a

rather high temperature are factors in perithecial development.

However this may be, it is certain that the ability to produce peri

thecia may be acquired or lost by the fungus. Sub-cultures have

been made from single conidia from a culture in which perithecia

were produced in abundance. Some of these would produce the

perfect stage, while by no treatment known could others be made to

produce it. However, as a general rule, it is an easy matter to ob-

tain perithecia in sub-cultures from a culture that has already pro-

duced them. To me it appears as if in this group the ability to develop

perithecia is one of the characters that may be acquired if conditions

are right, one that is inherited for some time but will be lost eventually

if the environment is not suitable. When it is known that these

forms vary in other ways, as described later, this seems all the more

plausible.

CULTURALCHARACTERS

There has always been great difficulty in determining the species

in this type. As a result many species have been determined by the

host. Recently botanists have been questioning the vahdity of the

method, especially since the perfect stages of several have been found

to be very much aUke. At present Shear and Wood (40) take the

extreme ground that aU whose perfect stage has been found repre
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sent one species, or at best varieties of one species. They base

their beHef chiefly on the fact that the perfect stages are not morpho-

logically distinct; but because two forms have similar perfect stages

it does not necessarily follow that they are the same species. In

higher plants there are many instances of the flowers of different species

being very similar, if not identical, yet no one would hesitate to call

them distinct; differences in the vegetative stage, as the shape or

lobing of the leaves, may be marked and constant and hence suffi-

cient to separate them in distinct species. The sexual stage is the

least subject to modification, and we must expect very closely allied

species to be very similar in this stage. This must be especially

true in forms in which the perfect stage is only occasionally produced,

as seems to be the case with Gloeosporium.

Theoretically, if we should grow two forms side by side on the

same medium and should watch their development, we ought to be

able to tell whether or not they are distinct. If the growth characters

were different, if the colonies formed were distinct, or the effect on

the medium were not the same, we should doubt tho advisability of

calling them the same thing. Miss Stoneman carried several f'^rms

through oa different media and was able to separate some of the

different forms by means of these characters. Thi'? method has

long been in use in bacteriology for det^-rmining species; and recently

the method has been advocated by Thom (45) for determining species

of Penicillium. He has used it in his work on this genus and has

found it satisfactory, claiming that the characters of a species on a

standard medium are alwaj^s the same. No matter how long a species

may be grown on some other medium, when it is brought back to the

standard medium it immediately returns to its original characters.

A thorough attempt was made to test this method with the dif-

ferent members of the GlomereUa type; all of these have not developed
the ascigeral stage, but they undoubtedly belong t(^ this type. Cul-

tures from over twenty different hosts were used. Petri dishes,

with a certain medium
pure culture. from ail the similar
same time, generaUy three plates of each form. The medium for

the set of cultures was made in one batch, so that there was no chance
for variation in this factor. Many sets of cultures were made cm-
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ploying the following media: potato agar, bean agar, potato agar

+ 10 per cent, of glucor^e, potato agar+malic acid, and Elfving^s

nutrient solution. A number of sets of these cultures were carried

on during the year 1906-7.

VARIABILITY OF FORMS

A most remarkable fact was made evident by the study of the

cultures of the various forms. Of the more than thirty collections

studied from over twenty hosts, with less than a half-dozen exceptions,

all gave at least slightly different characters. Even the two collec-

tions on apples from Missouri and Illinois did not give exactly the

same characters, but the differences were sHght. The two collections

from apples in the north, however, gave entirely distinct characters

from the more southern forms on the same host. The southern form,

especially on sugar medium, was characterized by very rapid growth

and a very dark greenish-black color of the substratum and aerial

hyphae; while the northern form grew more slowly and had very

little dark color. Generally in the latter the aerial hyphae were

colored pink from the profuse development of conidia. Even the

form on quince collected in NewYork did not give the same characters

a? the northern form on apple. The forms on orchid, Coffea, and

Sarracenia, collected in the same greenhouse at the same time, were

not exactly ahke in culture media. They were similar in most re-

spects, but there wxre slight differences which would appear after

many transfers.

What do all of these differences mean ? Miss Stoneman used these

mher description of species. Thom declares that in the genus Peni-

cillium all of the forms which show differences are distinct species.

However, he found that a PenicilUum would always give the same

characters on the same medium no matter how long it had been

grown on some other medium. A careful study was made of the

forms of Gloeosporium to see whether the same species, or rather the

same collection, would give the same characters generation after

generation. Some of the forms were studied for nearh^ two years.

Instead of the cultural characters coming true each time, a number

of interesting variations appeared, some of which are as follows.

A GloeosDorium was collected on apples at ^lexico, New York.
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At first the colony on sugar media was covered with an erect "rowth
of mycelium which became pink colored with the spores. But after

it had been grown for several months on artificial media, the aerial

mycelium lost to some extent its erect character, becoming denser
and more floccose. Furthermore, the aerial mycehum lo^t entirely

its pinli character due to the formation of spores. The same varia-

tion also occurred with the collection from tomato. But it is interest-

mg to note that two collections from raspberry stems^ and another
one from apple, which were identical at first with the two forms above,
held their characters as long as they were cultivated— in some cases

over a year.

The forms from quince and red raspberry, after they had been
under culture for some time, underwent slight changes in the color of

the agar and the aerial mycelium. In fact, nearly every culture

changed its character in time.

An attempt was made to change the characters of a form collected

on apples in the north, which had appeared to remain constant, by
'ng on different media for several months. The following media

were used: potato agar, potato agar + io per cent, of glucose, potato
agar + copper sulfate (i : 100,000), potato agar with a drop of lactic

acid in each tube, and Elfving's nutrient solution. Transfers were
made every ten days to three weeks into fresh tubes of the same
medium; so that at the end of the experiment the fungus in each
tube had grown for several months, with many generations on the
same medium. At the end of three months these cultures were all

brought back on plates of potato and glucose agar, and at first the
results were striking. For about a week the growth in this medium
from the different tubes was quite distinct; however, after two weeks
or more these differences graduallv disappeared, and the old cultures
looked more ahke.

After the fungus had been growing for about four months on the
ditlerent media, it was again brought back to the same potato and
glucose agar, and the results were more striking than in the first case.
iJitterences appeared which did not disappear with the age of the

tyne do ^nT^T'"''''^
l"" Gloeosporium on raspberry stems under the discussion of this

latter do./
''! "" *° '°"'°'°'' raspberry anthracnose, Gloeosporium venetum. The

latter does not appear to belong to the Glomerella tj-pe.
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colony. The medium on which the fungus had been growing did

not seem to he the cause of the variations, for cultures on the same

medium would vary in entirely opposite directions, or cultures from

very unhke media would vary in the same way. The characters in

which there was considerable variation were as follows: amount of

aerial mycelium, some very matted, some entirely strict; color of

substratum, from pure white to a dark greenish black; presence or

absence of pustules; presence or absence of pink color in the aerial

mycelium.

However, the most striking variation that was obtained was with

the true bitter rot fungus, the culture being obtained from apples

sent from Missouri. The fungus had been grown in the incubator

for two or three months, having produced perithecia several times

on bean agar, and nothing unusual had been noticed; but very

suddenly remarkable variation was seen. A dilution culture was

made to obtain singie colonies for transplanting, but instead of

having one kind of colony in the plate, there were two, and they

were very distinct. At first the plate looked as if it had been

contaminated, but a study of the two forms showed that it had not.

Both forms produced typical bitter rot conidia. Cultures were made

of the new form and it was studied carefully with the following

results

:

On bean agar, for the first day or two, the colony characters were

identical with the typical form on apple. At that time the perithecia

began to develop, and from that time the differences were remarkable-

The typical form produced perithecia in nodules scattered over the

media as was mentioned above; but the new form produced them

singly^ or occasionally in plat

They were produced in such great abundance that the whole surface

of the plate was black with them. They began to form as small tufts

of pseudo-parenchymatous tissue on mycelium two to three days old,

and developed in such great abundance that all of the nutrient material

was used up before they could mature. Mature perithecia were not

seen, although they were looked for carefully; it is doubtful whether

any of them came to full maturity. The perithecia, however, so far

as they could be studied, were identical with the typical form. Conidia

formed abundantly, scattered over the surface of the agar, but they
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did not form in pustules. On apple it took but slowly, though
finally a few small pink pustules of spores were formed. On steri-

lized bean pods the growth was abundant, in a few days becoming
black from the crust of perithccia formed over the surface. But
here, as on the bean agar, the perithecia did not seem to develop asci

and spores.

Such a large variation may seem incredible, and it may be attrib-

uted to a contamination, for which there is always a chance. If

this was a contamination and not a variation, either the two forms
were present on the original apple and were transferred together
unnoticed from thp dilution plate to the tube, or the second form must
have entered the tube after the transfer was made. As the apples

autumn
until February, it does not seem possible that the two form.s could
have been on the apple together. If they had been, they would have
been noticed in the cultures, as they were constantlv worked with
durmg the fall and winter. The second possibility seems no more
likely. The variation came in the middle of the winter, when spoies
of Gloeosporium would not be liable to be free in the laboratory;
and as the new form was totally unlike anv of the other species
of Gloeosporium in culture in the laboratory, it could not have
come from them. The only explanation of the phenomenon is that
one or more indinduals of the original form changed quite suddenly
their course of development under cultural conditions; but whether
that IS admitted or not, we have at present this new form. It is

undoubtedly a Gloeosporium of the Glomerella type, with the develop-
ment of the perithecia considerably different from other known
lorms.

Mutations, so far as is known bv the writer, have not previously
been recorded among fungi, but the form just described seems to
be one without question. Whether aU of the variations that have
appeared m the study of this group should be classed as such is ques-

minortionabJe;

should not be so considered.^uuuia not be so considered. No two individuals of any species are
aiike, and the variations are perhaps no greater than we could expect
among individuals of almost any group. The effect of variation on

group
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INOCULATION EXPERIMENTS

As is well known, the forms occurring on fruits have been fre-

quently cross-inoculated by different investigators. Halsted (20-23),

Cobb (iij, and many others have shown that the forms are easily

transferred. Halsted used fifteen or more fruits and vegetables,

and with a few exceptions he was able to transfer the forms at will.

This has been repeated by others; and during the past two years

I have made many similar transfers. Also the forms on raspberry

stems have been grown just as readily on apples as the original cul-

ture from apple {fig. 10). The forms which Halsted worked with

must have been mostly northern forms.

Halsted (20) also believed that the forms on watermelon and bean

were the same, having inoculated both forms on a citron and obtained

identical spots. Other workers, as Sheldon (35), have failed to

get infection by inoculating spores from the melon fungus on the

bean; however, the young bean plant is not readily infected from

spores from the bean itself.

Little has been done in transferring the forms that are known

to produce the perfect stage. Several investigators have transferred

from and

from these experiments it is generally recognized at present that

these two forms are the same. Recently Sheldon has also trans-

ferred the form from apple to the sweet pea and obtained successful

infection; this I have also confirmed. Leaves of young plants in

the greenhouse were inoculated from a pure culture from apple;

inoculation took readily and dead spots were formed. In one in-

stance the disease followed the petiole back to the stem, and after it

had entered the latter the whole plant vdlted and died. It is interest-

ing to note that the inoculations of the form found on apples in the

north to the sweet pea did not take so readily; only after the plants

began to die for want of water did they become infected.

Another experiment was tried with leaves of rubber plant placed

in a moist chamber. The forms from Dracaena, Ficus elasHca,

Coffea, and Sarricenia were then inoculated on the leaves. In all

cases the fungi took readily, soon producing conidia in abundance;

later the forms from Dracaena and Ficus produced perithecia on the

leaf.
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Inoculations from Dracaena and Coffea to the apple were entirely

successful; those from watermelon and bean to the apple were failures.

Inoculations from Asclepias to the apple caused infection, but the

resulting diseased area looked different from the true bitter rot; no

pustules were formed. Inoculations from orange to the apple were

successful, but the spot formed was very different from that formed

by the bitter rot fungus- The pustules were steel gray, hairy, and

raised from the surface {jig. g), and seemed to be identical with the

pustules formed by the guava anthracnose on apple, as described by

Sheldon (37).

While these inoculation experiments are not yet so complete as

they should be, they show that we have a number of forms that will

grow on different hosts. Whether these different forms occur normally

on the different hosts is another qnestion. It is certain also that

there are some forms which cannot be transferred to some of the

other plants that are normally infected with anthracnose; for

example, the bean anthracnose on apple.

ADAPIATION

After one has studied many of these forms for some time and ob-

served the slight difference between them, and after he has watched

sure

arise. It is difficult after such a study as the above, w'here variations

take place in a few months, to beheve in the fixity of species. Among
higher plants some forms are constantly changing, and breeders

can now build up a new variety in a few years. If such things are

possible in a few generations with higher plants, how much mere so

must it be with the lower forms, that pass through a generation in a

week and may have many generations in a season. These lower
forms are excellent organisms with which to study variation, and
considerable work of this kind has been done with the bacterial and
yeast organisms. Haxsen (28) in working with yeasts was able to

them
where'spore formation was impossible; the varieties became fixed and
would not again under any conditions produce spores. He ha
been able to build up fixed varieties differing from the parent
in shape of ceUs and power of fermentation.

form
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Among the bacteria it is a common thing to speak of attenuated

forms; that iS; forms which have lost some of their characters, due

to growth on a different substratum or host from the customary one.

Many of the pathogenic forms have been cultivated until varieties

have been produced which are unable to produce the poisons charac-

teristic of the parent form.

It is doubtful whether we can say for any form that it is absolutely

stable. Thom claims this for the species of PeniciUium; and doubt-

less some forms are more fixed than others. But, as Ppeffer (28)

suggests, the fact that a form has remained unchanged after growing

for two years on a certain medium does not prove that it will not vary

in a longer period, or does not prove that it will not vary on some other

medium. category

from those of Gloeosporium. They have been growing for ages as

saprophytes on various substances, and have become adapted to a

wide range of media, and the forms have become fairly well fixed;

but the forms of Gloeosporium are more plastic. Is it not just as

possible to have variable forms among the low, fast-growing fungi as

among the higher plants ? There seems to be no other explanation

for the condition that is present in the Glomerella type of anthracnose.

If the forms will vary in culture under constant conditions, should

we not expect a greater variation in the open, where the extremes to

which the plants are exposed must be many times as great as in the

laboratory ? In nature, they must at one time or another be subject

to every sort of condition under which they will grow. If variation

is possible, we should expect to find varieties or forms built up which

will come true for at least several generations.

Furthermore, if we admit the fact of variation, we can explain the

distribution of forms and also the constant discovery of forms of

-Gloeosporium on new hosts, or "new species" as they are generally

called. Quite often a form is discovered which has never before been

found, and immediately it becomes very prominent on account of

the great damage it is doing. As a form varies, it may adapt itself

to some new liost and be able to grow with some vigor. A sudden

mutation, like the one described above, might produce a form that

'would grow immediately on another host; or a form might take but

noorlv on a new host at first, but after many generations might become
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adapted to it. This sudden occurrence of new forms is a vexing

question. It may be due to the naturalization of some exotic form,

but this does not seem to be satisfactory. The best explanation, at

least with variable forms, seems to be the production of new strains

or forms from the old ones.

What needs to be done now, and what must be done before we

can formulate any idea as to the limits of species among these forms,

is to grow them on different hosts and different media for long periods,

to see if they will adapt themselves to the new hosts and media and

will become fixed. It seems probable frcm this study that such

varieties could be built up, and perhaps sooner than we would

expect.

NOMENCLATURE

Some doubt has been expressed lately as to the validity of the genus

Glomerclla. forms

put in some of the closely allied genera. There are three other genera

which are quite similar, all of which doubtless have had described

under them, at one time or another, forms that belong properly to

Glomerella. These are Physalospora, Guignardia, and Phomato-

spora. None of these genera are understood very well by mycolo-

gists, and a thorough monograph is needed before w^e shall be sure of

our ground. But there are some characters which seem to prevent

the forms of Glomerella from being placed in the other genera. A
btroma may be present in the forms of Glomerclla, w^hile it is entirely

lacking in the others. Odier distinguishing charact'^rs are the more

or less well-developed neck of the perithccium and the lack of

definite paraphyses.

The genus Glomerella is extremely variable, and there remains

little doubt that some of the individuals would answer very well to

the descriptions of the other genera; but it seems that the forms

taken as a whole are distinct enough for a separate genus; at least this

is the position I should take for the present. Maubl \nc anrl L asnier

(27) have recently described a perfect stage of a Gloeosporium on an

orchid as a Physalospora. Although their material has not been seen,

it seems probable that they had but a form of Glomerella. They de-

scribed their specimen as possessiner naranhvses. hut their drawings

y
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show a few branched threads entirely outside of the asci; apparently

these are the same as are seen in other forms of GlomercUa.

The question of specific names is the most difficult one. Wehave

a multitude of closely related forms with a greater number of names.

WTiat are we to do with all of these forms ? If they were fixed and

would vary but little or practically not at all, as seems to be the case

with forms of Penicilhum, it might be well to call them species, or

at. least varieties. But when it is difficult to find two collections with

the same characters, or to find a form that will not vary on culture

media, what is to be done with them? There seems to be httle

some

should be reduced to synonyms; but it also seems that some of the

forms are widely enough separated to be considered distinct species.

It hardly seems possible that a form that produces large, hairy, steel-

gray pustules when gr..wn on apple, as Sheldon (37; has described

for the guava anthracnose, and as is also the case with at least one

form from the orange, could be put in the same species with the one

originally found on apple, from which no such a pustule forms.

Shear and Wood (40) believe that all the forms whose perfect stage

has been found form ^ single species or at most varieties of one species.

They say that all will be considered by ihem as Glome rella rufomaculans

or varieties of it. Their use of names, however, is not always con-

sistent. They use rufomaculans because it is the first name u.-.ed for

c ni/^^«o,^^T-i*,iTv, ^r, r, v,r»H r»f wViirli tTif nprfoct stacre has been found.

mean to use the first How
Miss

7.-,

species as if she were responsible for the specific name, as, for instance,

Glomerella cingidafa (Stoneman) Sp. & v. Schr. To have been

consistent with their use of the name rujomaculans, they should have

used Glomerella cingidata (Atk.) Sp. & v. Schr. Atkinson (4)

named the conidial stage and that was the first name. There is

great difficulty in getting the right name for these forms. If we use

name

Shear and Wood, that all of these forms are the same thing, we must

use the name Glomerella cingidata (Stoneman) Sp. & v. Schr. But

if we follow the other sv^tem of using the earliest name applied to

any stage, we are in great difficulty. If we follow the latter, we may
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use rujomaculans until some one develops the perfect stage from
some other host, the conidial stage of which was described before
rujomaculans; and this older name would stand until another earlier

one was found. Our names would be in an unstable condition until
the perfect stage was developed from the first described Gloeosporium.
Furthermore, if we consider the forms from different hosts distinct

enough to be species, and also use the name first applied to the perfect
stage, the name Glomei " '

the form from apple.

While the various forms are morphologically very similar, some of
them at least seem to be quite well separated from the rest. While
the reactions to culture media are not very trustworthy, we can get
some idea as to the relationship of the form's. There are some forms
which do seem to be very closely related and very Hkely are the same;
the forms from Dracaena, Funs elaslkd, Anthurium, Coffea, and
Sarracenia seem to be very close together and should be considered
identical. Whether these are identical with the fungus causing the
bitter rot of apples is somewhat questionable, though they are very
close to it. There are some differences between them, as, for instance,
the size of the germ tube in the germinating coridium, which is much
larger m the apple form (figs. 30, 36, 38, jp). The forms on Sarra-
cenia and Anthurium seem to be undc^cribed. The anthracnose,
however, has not been found on the Sarracenia plants in the bogs,
though It has been looked for. Species of both Gloeosporium and
Collctotnchum have teen described on the coffee tree. Of course it

IS impossible to identify the one studied here positively with any of
them but so far as the descriptions go it would fit either.

The form from cotton seems to be quite divergent from the other
torms, and doubtless should be considered a distinct species. The
cultural characters are quite distinct and it takes but poorly on apple.
Also on Elfvmg's nutrient solution the myceHumbreaks up into large
ceus {fig. 34) ,vhich are capable of growing into mycelium again, a
character which has not been found in other forms. I was not able
to bung the perithecia to maturity, that is, the asci did not developm the penthecia, but Shf- ''-^ '

mature.
AE

perplexini? to me. Until
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this time it has gone without question that these forms are all the

same. Spaulding and von Schrenk (33) state that they have seen

specimens of the bitter rot op apples in Vermont as late as October.

They might have seen apples affected with a Gloeosporlum^ but it

is not certain that the apples were affected with the same form that

grows in the south- As was stated above, the two form? on culture

media are very distinct, and on the apple itself there is a tendency to

divergence. On the apple from the south the conidial pustule as a

rule is large^ containing much pseudo-parenchymatous tissue which

protrudes from the surface {jig. 12) ; while the northern form produces

a pustule with little pseudo-parenchymatous tissue, similar to that

illustrated from the tomato {fig. ii). This distinction does not

always separate the two forms, as they often intergrade, but the

characters are noticeable in studving the two. Furthermore, the

form while the northern

form, so far as is known, never produces them. If we call these two

mi

sporium into one species and say that Glomerella is monotypic, grow-

ing on nearly everything. But if we call them distinct, what shall

we name the forms ? The names rujomaculans and Jruciigemim were

given by Berkeley (6, 7) to forms in England on grape and apple.

These were found in a latitude comparable to our northern states,

and consequently we should think that Berkeley had a form com-

parable to our northern one. If this is true, the perfect stage of the

Gloeosporitim ruf> This north-

ern form is known to occur on several other hosts, not entirely fruits,

besides the apple. The anthracnosc of tomatoes has generally been

called Gioeosporiiim phomoides, and under this name it has been

discussed by several authors. But the culture obtained by me was

absolutely identical with the northern form on apple; although the

Mi
culture from apple. ph

moides takes exception to Miss Stoneman's conception of the species.

Tt seems that G. phomoides is an entirely different thing, and does not

belong to the Glomerella tvDe of anthracnoses; hence the name can

no longer be used for the anthracnose commonly seen on tomatoes.

The forms from grape stems, raspberry stems, and Podophyllum
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fruit are probably only strains of the northern form on apple. At

least they will be considered so at present.

While the form from bean has not been studied so much as the

others as to its cuUural characters, it seems to be distinct. Neither

this, nor the form on melons, will grow on acid fruit like the apple.

T.t would have been interesting if Shear had given the cultural char-

acters of the form from bean from which he obtained the perfect

stage. It should have been compared with the characters of the

form from apples in the south. It is possible that the form from

apple might develop occasionally on the bean. Even if he did have

the true bean anthracnose and it developed a perithecium identical

with the apple bitter rot, the habit of growth of the bean anthracnose

is sufficiently different to continue caUing it a distinct species.

From the evidence available at present, it does not seem advisable

to call all these forms the same species. They may finally be placed

in one, or at least in a limited number of species, but until the evidence

is more certain, it seems best to consider some of them at least distinct.

If we use the name first applied to the perfect stage, and we must do

this to be consistent with the use of the name Gnomonia veneta used

earlier in this paper, the names of the perfect stages found by the

writer and brought to maturity would be as follows

:

Glomerella cincta (Stoneman) Sp. & v. Schr., including forms

purpurea, Dracaena, rubber

thurium.

Glomerella frlxtigena (Clinton) Sacc. on apple and quince.

Glomerella fusarioides, n. sp.^ from Asdepias syriaca.

Sheldon (38) has recently described the form from Dracaena as

a new species, calling it Pkysalospora dracaenae, but from my cultural

work it cannot be considered distinct from the form on orchid, the
H I

perfect stage of which has alreadv been described by Miss Stonem.\n

(43)

.

6 Glomerella fusarioides, n, sp. Perithecia nearly free, abundant on the surface

of the substratum but more or less scattered, dark bro\\-n to black, sub-globose^ to

p\Tiforin, sometimes prolonged into a short beak at the apex, 150-200 X 14*^^75 ^'

Asci numerous, clavate, 50-75 X 9-1 1 /*. Spores irregularly biseriate, straight or

slightly curved, 1 2-18X3-4 ^. :vlany sterile threads in the perithecium and appar-

ently outside of the asci.

*erfect stage of Gloeosporium fusarioides

stems. Stems of Asdebias svriaca. Ortnh

the
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SUMMARY

In closing the discussion of the Glomcrclla type, it may be well to

summarize briefly the points that have been considered.

1. The Glomerella type is distinctly separated from the other types

of anthracnoses by both perfect and imperfect stages.

2. The perfect stage seems to be distinct from nearly related

genera of the Pyrcnomycetes, is extremely variable, and without true

paraphyses.

3. There seems to be a large number of closely related forms,

and they are all extremely variable. Furthermore, many forms vary

under artificial cultivation and doubtless under natural conditions.

While many of the forms may be similar enough to be considered ^he

same, some seem distinct enough to be considered distinct species;

at least the evidence is not sufficient to consider them identical.

4. There seem to be two forms on the apple, the forms separated

by thermal lines. The form in the southern part of the country

differs in the presence of perithecia, a slightly different acervulus.

and entirelv different cultural characters.

3. From the investigation it seems that too much dependence

should not be put on cultural characters for the determination of

species. Some of the char£»cters when well marked are useful, but

many of the others are too variable.

In closing I wish to express my indebtedness to Professor Atkin-

son for aid and criticisms during the progress of the study, and to

Professor T. J. Burrill, Dr. J. L. Sheldon, Dr. H. Hasselbrixg,

P. H. RoLPS, and Dr. Ernst Bessey for material for study-
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EXPLANATIONOF PLATE XI
^

Figs. 18-28. Gnomonia venela

Figs. 18, 19, 20.—Ripe asci, young ascus, and ascospores from sycamore leaf.

Figs. 21, 22, 26.^ Asci, ascospores, and germinating ascospores from Qiiercus

alba leaves.

Figs. 23, 24, 25.—Asci, ascospores and germinating ascospore from Qiiercus

velutina leaves.

Fig. 27.—Conidia from sycamore leaf germinating.

Fig. 28.—Conidia from Qiiercus alia leaf germinating.

Figs. 29-47. Glomerella type of anthracnose

Fig. 2<).--Glomerella fructigem on apple from Missouri, binucleate conidium.

Fig. 30.—Same, conidia germinating in bean agar.

Fig. 31.—Same, secondary spores formed in old cultures.

Fig. 32.—Same, secondary spores formed by germinating conidia.
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Fig. ^^. —̂Gloeosporium from apple from Nev/ York, secondary spores formed

by germinating conidia.
F

Fig. 34.

—

Colletoirichumgossypiwn from cotton; large cells formed in Elfving's

nutrient solution; one of these cells germinating, vv^ith a young spore at the end of

the germ tube.

Fig, 35

Fig. 36

Fig. 37

Fig. 38

Fig. 39
Fig. 40

Fig. 41

Conidia from quince, germinating in bean agar.

Conidia from tomato germinating in bean agar.

Conidia from apple from New York, germinating in bean agar.

Coffea arabicaj germinating in bean agar.

Conidia from Sarracenia purpurea germinating in bean agar.

Same, older stage.

Conidia from orchid germinating in bean agar.

Fig. 42, 43.—Asci and periphyses from Dracaena.
Fig. 44-47. —Asci, respectively from leaves of Ficus elastica^ Sarracenia pur-

ea^ quince, Cojfea arabica.


